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APPARATUS AND PROCESS FOR ARRAYING BEADS 

Field of the Invention 

This invention relates generally to the handling of beads and more particularly to an 
5 improved process and apparatus for depositing such beads in two-dimensional arrays. 

Background Of The Invention 

Synthesis of combinatorial compound libraries on bead supports is a well- 
established method for generating chemical diversity for screening against targets of 

10 pharmacological relevance. Such libraries may be synthesized as bulk populations or 

discrete sublibraries with or without identifier tags for deconvoiution. In most cases each 
bead carries a single unique compound and is present in a mixture of beads containing other 
compounds. To test the beads for activity against a pharmacological target, it is desirable 
to separate the beads so that each bead may be individually assayed against one or more 

15 targets. The beads carrying active compounds can be identified and the structures of the 
compounds elucidated. It is also desirable to separate the beads into arrays that are 
geometrically compatible with robotic screening systems, for example 8x12 arrays or 
other formats such as 354 or S96-wejl configuraiiuiiii. 

Current methods of bead arraying include manual picking and hydrodynamic 

20 sorting in which beads are allowed to flow though an aperture and once detected are 

deposited into assay wells. Manual picking is slow and tedious. Hydrodynamic methods 
heretofore-in use have been siow and the equipment is prone to clogging. Buoyancy 
variaTions within the bead library are also known to cause problems in hydrodynamic 
sorting. A problem common to the prior methods is that, because the beads are extremely 

25 small, typically 300 pm (0.3 mm) or smaller, there is a tendency for two or more beads. 

carrying different compounds, to be deposited occasionally at a single location in the array. 
Still another problem encounlered in bead arraying is that the beads tend to be fragile, and 
can be broken up into tragmenrs especially v/hen mechanically agitated. 

ihere is a need for a simple, rapid and reliable method and apparatus for bead 

30 an-aying which reliably delivers a single bead to each point in the array. The principal 
object of this invention, therefore, is to provide an improved apparatus and method for 
selecting individual compound-bearing beads from a combinatorial library and reliably 
depositing individual beads in*o an array. 1: is also an object of the invention to provide an 
improved apparatus for bead arraying v/hich is inexpensive, easy to use and independent of 

- 1 . 
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the nature of the compounds on the beads. Still another object of the invention is to avoid, 
or at least reduce instances in which the beads are broken up into fragments. 

Summary Of The Invention 
5 In accordance with the invention, liquid is drawn, from a vessel containing a 

mixture of beads suspended in a liquid, into an internal passage of a hollow, movable pick- 
up element, preferably a needle, through an opening at an end of the internal passage. The 
opening is of a size smaller than any of the beads and, at least in the case of spherical 
beads, the opening is preferably circular in shape so that it can be substantially closed off 
10 by a bead. When a bead closes off the opening, a pressure differential is maintained so that 
the external pressure exerted on the bead is greater than the pressure within the passage. 
The pressure differential holds the bead in engagement with the opening. While the 
pressure differential is maintained, the movable pick-up element is withdrawn from the 
vessel with the bead held in engagement with its opening, and the bead is deposited at a 
15 location remote from the vessel by releasing the bead from the opening. 

The technique in which a bead is selected by drawing liquid into a passage, and the 
bead is held to the opening of the passage by a pressure differential, reduces the instances 
of deoosition of multiole bead.s at a eiven arrav location. However, still further 
improvements are achievable by techniques for dislodging any beads adhering to the 
20 movable pick-up element other than the bead closing off the opening. One such technique 
is to jar the movable element. 

Another technique for ensuring that only single beads are deposited is to cause a 
flow of a fluid over at least a pan of the movable element to dislodge any unwanted beads. 
A preferred way to wash off excess beads is to cause a fluid to flow through an annular 
25 passage formed by a sheath surrounding a hollow needle which provides the internal 
passage. 

Beads used in combinatorial chemistry are typically very fragile. Therefore in 
keeping the beads in suspension so that they can be picked up by the flow of liquid into the 
hollow, movable element, it is important to prevent the beads from being broken up. This 
30 may be done in either of two ways in accordance with the invention. 

A first technique is to hold the beads of the mixture in suspension in the liquid by 
introducing a flow of gas into the vessel to produce gas bubbles therein. Preferably, at least 
a portion of the interior of the vessel extending upwardly from the bottom thereof has a 
continuously increasing horizontal cross-section in £he upward direction. The beads of the 

-2- 
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mixture may be held in suspension in the liquid by introducing a flow of gas into the liquid 
in the vessel at the bottom thereof to produce rising gas bubbles in the liquid, which gently 
circulate the beads so that they do not collide, with one another or with the vessel walls, 
with such force that they are broken up into fragments. 

5 In an alternative technique, the liquid in which the beads are suspended comprises 

two immiscible liquid components, one component floating on the other. The density of 
the beads is higher than the density of the one component and lower than the density of the 
other component, and consequently the beads are suspended at the interface of the two 
components. The drawing of liquid into the internal passage of the hollow movable 

10 element is carried out as the opening at the end of the internal passage is moved through the 
interface. 

The apparatus used in accordance with the invention also lends itself to a simple 
procedure to detect clogging of the opening or of the internal passage of the hollow 
movable element. To detect clogging, pressure is applied to gas in the internal passage, and 
15 clogging is detected by sensing the absence of flow, or the diminished flow, of gas through 
the opening in response to the applied pressure. 

As will be seen in the following detailed description, the invention provides a 
simple, inexpensive and easily used method and apparatus for achieving highly reliable 
selection of individual beads from a mixture of compound-bearing beads, and deposition of 
20 the selected beads into an array while reducing or substantially eliminating the undesirable 
deposition of multiple beads at a single array point. 

Various other objects, details and advantages of the invention will be apparent from 
the following detailed description, when read in conjunction with the drawings. 

25 Brief Description of the Drawings 

FIG. 1 is a perspective schematic view of a robotic sample processor used to carry 
out the process of the invention; 

FIG. 2 is 3 perspective view of a suspension holder; 

FIG. 3 is a fragmentary sectional view of the suspension holder taken on plane 3-3 
30 of FIG. 2, illustrating the use of bubbles to maintain panicles in suspension: 

FIG. 4 is a fragmentary sectional view of the suspension holder taken on plane 4-4 
of FIG. 2; 

FIG. 5 is a fragmentary sectional view showing a needle holding a bead; 
FIG. 6 is a fragmentary sectional view showing a needle having a sheath; 
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FIG. 7 is a sectional view of an alternative suspension holder; and 

FIG. 8 is a sectional view showing a further alternative suspension holder. 

Detailed Description 

5 The invention preferably utilizes a modified robotic sample processor. A suitable 

processor, sold under the trademark GENESIS, is available from Tecan U.S. Inc., P. 0. Box 
1395, Research Triangle Park, North Carolina 27709, U.S.A. The processor is depicted 
schematically in FIG. I. It comprises a worktable 10 and a traveling robotic manipulator 
arm 12, which is movable horizontally above the worktable. Within the arm, a carriage 14 

10 is movable horizontally in a direction perpendicular to the arm movement. The carriage 

supports a series of pipettes 16, which are vertically movable in sleeves 18 on the carriage. 
The horizontal movements of the arm and carriage and the vertical movements of the 
pipettes are under microprocessor control. Thus, the movement of the pipettes can be 
controlled in three dimensions, for automated handling of liquid samples. The pipettes are 

15 connected to microprocessor-controlled fluid pumps (not shown in FIG. 1) through flexible 
tubes 20. 

To carry out the arraying process of this invention, the sample processor is 
modified by fittirg the pipettes v/ith hollow needles 22. A .suitable needle for use in 
arraying spherical polystyrene beads 230 |im in diameter is a hypodermic needle having a 

20 size in the range of 25-30 gauge, with its tip ground to provide a circular opening in a plane 
perpendicular to the axis of elongation of the needle. Thus, the opening at the tip of the 
needle has a diameter less than that of the beads to be arrayed, and the circular 
configuration of the opening makes it possible for a spherical bead to close off the opening 
substantially completely. 

25 A tray 24, from which the needles pick up beads, is provided on the worktable. The 

tray shown has four separate compartments (shown as compartments 26, 28, 30 and 32 in 
FIG. 2). These compartments are spaced from one another other at intervals such that the 
needles 22 can enter them simultaneously. - 

Also situated on the worktable is a conventional well plate 34 into which beads are 

30 deposited by the needles. The well plate has an array 36, typically comprising nineiy-si.\ 
wells in an 8 ' 12 array. The spacing of the needles 22 may be such that they can enter 
ever>' second well in each row of wells in the well plate. Therefore, to serve all eight well.^ 
in a row, the needles first deposit beads in the first, third, fifth and seventh wells. Then 
after returning to the rray 24 to pick up four additional beads, the needles are inde.xed, by 
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movement of carriage 14, so that they are in a position to deposit beads in the second, 
fourth, sixth and eighth wells. 

Also shown in FIG. 1 is a manifold 38, which is used to distribute a gas, such as 
nitrogen, from a supply line 40 to the compartments of tray 24 through conduits 42, 44, 46 

5 and 48, As shown in FIG. 2, each of compartments 26-32 has sloping sidewalls which 
diverge from one another, proceeding upwardly from a narrow bottom^ so that the 
horizontal cross section increases continuously in the upward direction. Each of the 
conduits 42-48 extends along one of the sloping sidewalls of its compartment to a location 
immediately adjacent the bottom of the compartment, where it is able to release gas bubbles 

10 into the liquid in the compartment, as shown in FIGs. 2 and 3. The liquid 50 in each 
compartment is typically a solution consisting of 20% methanol and 80% water (by 
volume). Polystyrene beads, especially beads to which compounds are attached, have a 
density slightly greater than the density of this solution and would ordinarily sink to the 
bottom. However, the rising bubbles of gas induce a circulating flow of liquid, as depicted 

15 by the arrows in FIGs. 2 and 3. The circulating flow lifts beads from the bottom of each 
compartment, and keeps them in suspension. The tapered shape of each compartment 
ensures that there are no stagnant locations at which beads can collect. 

compartment 26. A mechanical actuator 54, under microprocessor control, operates the 
20 plunger 56 of a syringe 58, the interior of which is connected to the pipette 16 through 

flexible tube 20 by way of a Y-connection 60. The other branch 62 of the Y-connection is 
connected through a valve 64 to an air supply 66. The valve is operated by a control 68 to 
connect the air supply to the needle. A pressure increase in branch 62 resulting from the 
clogging of the needle can be detected by a pressure sensor 70, which can provide a signal 
25 to notify the operator, or to take the needle out of service automatically. 

The withdrawal of the plunger 56 by actuator 54 draws liquid 50 into needle 22. 
The maximum amount of liquid is limited by the stroke of the plunger and the capacity of 
the syringe. For exam.ple the amount of liquid drawn into the needle can be limited to 200 
pL. As liquid flows into needle 22 one of the beads in the suspension, in the vicinity of the 
30 lip 52 of the needle, will ultimately be drawn against the opening at the rip of the needle. 
When the bead 54 closes the opening, as depicted in FIG. 5, further withdrawal of the 
plunger 56 of syringe 58 reduces the pressure of the air within the syringe, and line 60, and 
any air remaining within the pipette 16 or the needle 22. The resultant differential between 
the external pressure in the liquid at the tip of the needle (which is essentiaiiy atmospheric), 

-5- 
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and the internal pressure within the needle, holds the bead against the lip of the needle» so 
that it can be carried by the needle to one of the wells in well plate 34 (FIG. 1). The 
pressure decrease within the needle, which occurs when a bead is captured at the tip of the 
needle, is also detected by pressure sensor 70, which delivers a signal to control 68. 

5 Signals from' pressure sensors associated with all of the needles are processed by control 
68, which operates the robotic manipulator 72 to move the needles from the tray 24 to the 
well plate 34 when beads have been captured by ail of the needles that are in service. 

The apparatus depicted in FIGs. 1-5 draws liquid into needles, capturing beads at 
the tips of the needles. The captured beads are transported to a well plate and deposited 

10 individually in selected wells by reverse operation of the plungers of syringe 58 and its 
counterparts associated with the other needles. 

Occasionally more than one bead may adhere to a needle as it is withdrawn from 
the tray 24. When this occurs, typically one or more excess beads adhere to the bead 
captured at the tip of a needle. Since the presence of beads containing different compounds 

15 in the same well is undesirable, it is important to ensure that only one bead is deposited in 
each well. Therefore, any excess beads can be shaken loose before the needles are moved 
to the vicinity of the well plate. To eliminate excess beads, the manipulator arm can be 
ntcppcd suddenly, or the needles can be brought into contact with a stop (not shuwn"; io jui 
the excess beads loose. 

20 An alternative method of eliminating excess beads is to wash the excess beads from 

the tip of the needles. This can be done by providing each needle with a coaxial sheath as 
shown in FIG. 6, where needle 74 is surrounded by a sheath 76, spaced from the outer wall 
of the needle to provide an annular passage 78. After the sheathed needle is withdrawn 
from the suspension of beads, with a bead 80 captured at the tip of the needle, a controller 

25 causes a momentary flow of solvent outwardly through the annular passage 78 to wash off 
any excess beads that adhere to the captured bead. Alternatively, a flow of air or other gas 
through the sheath can be used to dislodge excess beads. 

The tray 24 shown in FIGs. 1 and 2 has separate compartments, one for each 
needle. The tapered shape of each compartment makes it possible for the beads to be 

30 maintained in suspension by the liquid flow induced by rising gas bubbles. The use of 
separate compartments also allows multiple sub-libraries of beads to be arrayed 
simultaneously on a well plate. However, it is possible to use gas bubbles to maintain a 
suspension of a single bead library while capturing and arraying the beads using multiple 
needles. An arrangement for capturing beads on multiple needles from a single bead 

.6- 
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library is shown in FIG. 7, in which a tray 82 has a single compartment 84, with a floor 
formed with muhiple tapered recesses 86, each having a gas delivery tube 88 extending to a 
location adjacent to its bottom. The level of the liquid 90 in the tray is above the peaks 
defining the tapered recesses in the floor. Consequently, beads in any given recess can rise 

5 with the upward liquid flow induced by the rising bubbles, and fall into other recess. This 
tray can serve any number of bead-capturing needles. 

Instead of using rising bubbles to maintain beads in suspension, an alternative, 
which also avoids breaking up of the beads, is to float the beads on the interface between 
two immiscible liquids as depicted in FIG. 8. The interior compartment 92 of a tray 94 

10 contains a quantity of toluene 96 floating on a quantity of water 98. Beads 100, which have 
a density slightly less than that of water, but greater than that of toluene, float on the 
interface 102 between the two liquids, and can be captured individually by a needle 104 by 
drawing liquid into the tip 106 of the needle as it passes, either downwardly or upwardly, 
through the interface. 

15 As will be apparent from the foregoing description, this invention provides a very 

simple, reliable, inexpensive and easily used apparatus and process for selecting beads 
individually from a combinatorial library and depositing the selected beads into an array. 

Numerous modifications can be made to the apparatus and process described. For 
example, although the use of hollow needles to capture the beads is presently preferred, it is 
20 possible to capture beads at the openings of passages formed in other elements, such as 
tubes, which are movable into and out of a vessel containing a suspension of beads in 
liquid^ and to wash away excess beads. 

The trays for containing the suspensions of beads can be moditled in various ways. 
The gas delivery passages for producing bubbles can be built into the walls of the trays, 
25 and the walls of the companments of the trays can be formed in various shapes. Thus, the 
compartments can be in the form of circular cones, or can be shaped so that only the lower 
parts are tapered, while the upper parts of their walls are vertical. 

Although the use of rising bubbles or floating the beads on the interface between 
two immiscible liquids is preferred as a method of maintaining the beads in suspension, it is 
30 also possible to maintain the suspension by stirring the liquid slowly, by applying 

ultrasonic energy to the liquid, or by agitating the ves.sei in which the liquid is contained. 

The number of needles in the robotic manipulator can be modified. For example, 
in the case of an 8 ' 12 well plate, the number of needles carried by the robotic manipulator 
arm can be eight. Alternatively, provided thai a suitable tray is used to contain the 
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suspension of beads, a still larger number of needles, e.g. 96, can be used, in order to array 
beads more rapidly. 

Instead of using syringes to control the capture and release of beads from the 
needles, the flow of fluid into and out of the needles can be achieved by suitable vacuum 
pumps in combination with valved air supplies. Clogging of the needles can be detected by 
external flow sensing instead of by sensing back pressure. Likewise, bead capture can be 
sensed by an optical detector instead of by pressure sensing. Finally, instead of jarring 
excess beads loose, or washing them away by the flow of a fluid through sheaths 
surrounding the needles, they can be ^yashed away by passing the needles through an 
auxiliary solvent bath. 

Still other modifications can be made to the apparatus and process described 
without departing from the scope of the invention as defined in the following claims. 
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Claims 

What is claimed is: 

1 . A process for arraying beads which comprises: 

drawing liquid, from a vessel containing a mixture of beads suspended in a liquid, 
into an internal passage of a hollow movable element through an opening at 
an end of the internal passage, the opening being of a size smaller than any 
one of the beads and being shaped so that it can be substantially closed off 
by a bead; 

when a bead closes off the opening, maintaining a pressure differential such that 
the external pressure exerted on the bead closing off the opening is greater 
than the pressure within the passage, thereby holding the bead in 
engagement with the opening; 

while maintaining the pressure differential, withdrawing the movable element from 
the vessel with the bead held in engagement with the opening; and 

depositing the bead at a location remote from the vessel by releasing the bead from 
the opening. 

2. The process according to claim 1 in which the beads are spherical and the opening 
is circular. 

3. The process according to claim 1 in v/hich, after the bead closes off the opening at 
the end of the internal passage of the hollow movable element, the hollow movable element 
is jarred to dislodge any beads adhering to it other than the bead closing off the opening. 

4. The process according to claim 1 in which, after the bead closes off the opening at 
the end of the internal passage of the hollow movable element, a fluid is caused to flow 
ever at least a pan of the hollow movable element to dislodge any beads adhering to it other 
than the bead closing off the opening. 

5. The process according to claim 1 in which the hollow movable element is a needle. 

6. The process according to claim 1 in which the hollow movable element comprises a 
holiow needle extending along an axis and a sheath coaxial with and surrounding the 
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needle, and spaced therefrom to provide an annular passage surrounding the needle, in 
which the internal passage is a passage within the needle, and in which, after the bead 
closes off the opening at the end of the internal passage, a fluid is caused to flow through 
the annular passage to dislodge any beads adhering to the hollow movable element other 
than the bead closing off the opening. 

7. The process according to claim 1 in which the beads of the mixture are held in 
suspension in the liquid by introducing a flow of gas into the vessel to produce gas bubbles 
therein. 

8. The process according to claim 1 in which at least a portion of the interior of the 
vessel extending upwardly from the bottom thereof has a continuously increasing 
horizontal cross-section in the upward direction, and in which the beads of the mixture are 
held in suspension in the liquid by introducing a flow of gas into the liquid in the vessel at 
the bottom thereof to produce rising gas bubbles in the liquid. 

9. The process according to claim I in which the liquid in which the beads are 
suspended comprises two immiscible liquid components, one component noating on the 
other, in which the density of the beads is higher than the density of the one component and 
lower than the density of the other component, whereby the beads are suspended at the 
interface of the two components, and in which the drawing of liquid is carried out as the 
opening at the end of the internal passage of the hollow movable element is moved through 
the interface. 

10. The process according to claim 1 in which the step of drawing liquid is preceded by 
the step of applying pressure to gas in the internal passage of the hollow movable element, 

4 

and sensing flow of gas through said opening in response to the applied pressure, to detect 
clogging of the inrenial passage. 

11. A apparatus for arraying beads which comprises: 

a vessel for containing a mixture of beads suspended in a liquid; 

a hollow movable element having an internal passage and an opening at an end of 

the internal passage, the opening being circular in shape so that it can be 

substantially closed off by a spherical bead; 

- 10- 
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means for drawing liquid from the vessel into the internal passage of the hollow 

movable element through the opening, for maintaining a pressure 
differential such that the external pressure exerted on the bead closing off 
the opening is greater than the pressure within the passage, thereby holding 
the bead in engagement with the opening, and for depositing the bead at a 
location remote from the vessel by releasing the bead from the opening; 
and 

means for withdrawing the movable element from the vessel with the bead held in 
engagement with the opening and for moving the movable element to said 
remote location. 
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APPARATT J5^ A ND PR0CF5;.'s FOR ARRAYTNH RF An5: 

Field of the Invention 

This invention relates generally to the handling of beads and more particularly to an 
5 improved process and apparatus for depositing such beads in two-dimensional arrays. 

Background Of The Invention 

Synthesis of combinatorial compound libraries on bead supports is a well- 
established method for generating chemical diversity for screening against targets of 
10 pharmacological relevance. Such libraries may be synthesized as bulk populations or 

discrete sublibraries with or without identifier tags for deconvolution. In most cases each 
bead carries a single unique compound and is present in a mixture of beads containin<^ other 
compounds. To test the beads for activity against a pharmacological target, it is desirable 
to separate the beads so that each bead may be individually assayed against one or more 
targets. The beads carrying active compounds can be identified and the structures of the 
compounds elucidated. It is also desirable to separate the beads into arrays that are 
geometrically compatible with robotic .screening systems, for example 8x12 arrays or 
other formats such as .'^84 or S96-weii connguraiions. 

Current methods of bead arraying include manual picking and hydrodynamic 
20 sorting in which beads are allowed to flow though an aperture and once detected are 

deposited into assay wells. Manual picking is slow and tedious. Hydrodynamic methods 
heretofore in use have been siow and the equipment is prone to clogging. Buoyancy 
variations within the bead library are also known to cause problems in hydrodynamic 
soning. A problem common to the prior methods is thai, because the beads are extremely 
25 small, typically 300 m (0.3 mm) or ;;malier, there is a tendency for two or more beads. 

carrying different compounds, to be deposited occasionally at a single location in the array. 
Still another problem encountered in bead arraying is thai the beads tend to be fragile, and 
can be broken up into fragments especially when mechanically agitated. 

There is a need for a smiple, rapid and reliable method and apparatus for bead 
30 an-aying which reliably delivers a single bead to each point in the array. The principal 
object of this invention, therefore, is to provide an improved apparatus and method for 
selecting individual compound-bearing beads from a combinatorial library and reliably 
depositi.r.g individual beads into an array, l! is also an object of the invention to provide an 
improved apparatus for bend arraying which is inexpensive, easy to use and independent of 
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the nature of the compounds on the beads. Still another object of the invention is to avoid, 
or at least reduce instances in which the beads are broken up into fragments. 

Summary Of The Invention 
5 in accordance with the invention, liquid is drawn, from a vessel containing a 

mixture of beads suspended in a liquid, into an internal passage of a hollow, movable pick- 
up element, preferably a needle, through an opening at an end of the internal passage. The 
opening is of a size smaller than any of the beads and, at least in the case of spherical 
beads, the opening is preferably circular in shape so that it can be substantially closed off 

10 by a bead. When a bead closes off the opening, a pressure differential is maintained so that 
the external pressure exerted on the bead is greater than the pressure within the passage. 
The pressure differential holds the bead in engagement with the opening. While the 
pressure differential is maintained, the movable pick-up element is withdrawn from the 
vessel with the bead held in engagement with its opening, and the bead is deposited at a 

15 location remote from the vessel by releasing the bead from the opening. 

The technique in which a bead is selected by drawing liquid into a passage, and the 
bead is held to the opening of the passage by a pressure differential, reduces the instances 
of deoosition of multiole heads at a eiven arrav location. However still further 

* * **** V ' 

improvements are achievable by techniques for dislodging any beads adhering to the 
20 movable pick-up element other than the bead closing off the opening. One such technique 

is to jar the movable element. 

Another technique forensuring that only single beads are deposited is to cause a 

flow of a fluid over at least a part of the movable element to dislodge any unwanted beads. 

A preferred way to wash off excess beads is to cause a fluid to flow through an annular 
25 passage formed by a sheath surrounding a hollow needle which provides the internal 

passage. 

Beads used in combinatorial chemistry are typically very fragile. Therefore in 
keeping the beads in suspension so that they can be picked up by the flow of liquid into the 
hollow, movable element, it is important lo prevent the beads from being broken up. This 
30 may be done in either of two ways in accordance with the invention. 

A first technique is to hold the beads of the mixture in suspension in the liquid by 
introducing a flow of gas into the vessel to produce gas bubbles therein. Preferably, at least 
a ponion of the interior of the vessel extending upwardly from the bottom thereof has a 
continuously increasing horizontal cross-section in the upward direction. The beads of the 
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mixture may be held in suspension in the liquid by introducing a flow of gas into the liquid 
in the vessel at the bottom thereof to produce rising gas bubbles in the liquid, which gently 
circulate the beads so that they do not collide, with one another or with the vessel walls, 
with such force that they are broken up into fragments. 

in an alternative technique, the liquid in which the beads are suspended comprises 
two immiscible liquid components, one component floating on the other. The density of 
the beads is higher than the density of the one component and lower than the density of the 
other component, and consequently the beads are suspended at the interface of the two 
components. The drawing of liquid into the internal passage of the hollow movable 
element is carried out as the opening at the end of the internal passage is moved through the 
interface. 

The apparatus used in accordance with the invention also lends itself to a simple 
procedure to detect clogging of the opening or of the internal passage of the hollow 
movable element. To delect clogging, pressure is applied to gas in the internal passage, and 
clogging is detected by sensing the absence of flow, or the diminished flow, of gas through 
the opening in response to the applied pressure. 

As will be seen in the following detailed description, the invention provides a 
simple, inexpensive and easily used method and apparatus for achieving highly reliable 
selection of individual beads from a mixture of compound-bearing beads, and deposition of 
the selected beads into an array while reducing or substantially eliminating the undesirable 
deposition of multiple beads at a single array point. 

Various other objects, details and advantages'of the invention will be apparent from 
the following detailed description, when read in conjunction with the drawings. 

Brief Description of the Drawings 

FIG. 1 is a perspective schematic view of a robotic sample processor used to carry 
out the process of the invention; 

FIG. 2 is a perspective view of a suspension holder; 

FIG. 3 is a fragmentary sectional view of the suspension holder taken on plane 3-3 
of FIG. 2, illustrating the use of bubbles to maintam panicles in suspension; 

FIG. 4 is a fragmentary sectional view of the suspension holder taken on plane 4-4 
of FIG. 2; 

FIG. 5 is a fragmentary sectional view showing a needle holding a bead; 
FIG. 6 is a fragmentary sectional view showing a needle having a sheath; 
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FIG. 7 is a sectional view of an alternative suspension holder; and 

FIG. 8 is a sectional view showing a further alternative suspension holder. 

Detailed Description 

5 The invention preferably utilizes a modified robotic sample processor. A suitable 

processor, sold under the trademark GENESIS, is available from Tecan U.S. Inc., P. O. Box 
1395, Research Triangle Park, North Carolina 27709, U.S.A. The processor is depicted 
schematically in FIG. 1. It comprises a worktable 10 and a traveling robotic manipulator 
arm 12, which is movable horizontally above the worktable. Within the arm, a carriage 14 

10 is movable horizontally in a direction perpendicular to the arm movement. The carriage 
supports a series of pipettes 16, which are vertically movable in sleeves 18 on the carriage. 
The horizontal movements of the arm and carriage and the vertical movements of the 
pipettes are under microprocessor control. Thus, the movement of the pipettes can be 
controlled in three dimensions, for automated handling of liquid samples. The pipettes are 

15 connected to microprocessor-controlled fluid pumps (not shown in FIG. 1) through flexible 
tubes 20. 

To carry out the arraying process of this invention, the sample processor is 
mndified by fitting the pipettes with hollow needles 22. A .suitable needle for use in 
arraying spherical polystyrene beads 230 pm in diameter is a hypodermic needle having a 
20 size in the range of 25-30 gauge, with its tip ground to provide a circular opening in a plane 
perpendicular to the axis of elongation of the needle. Thus, the opening at the tip of the 
needle has a diameter less than that of the beads to be arrayed, and the circular 
configuration of the opening makes it possible for a spherical bead to close off the opening 
substantially completely. 

25 A tray 24, from which the needles pick up beads, is provided on the worktable. The 

tray shown has four separate compartments (shown as compartments 26, 28, 30 and 32 in 
FIG. 2). These compartments are spaced from one another other at intervals such that the 
needle.s 22 can enter them simultaneously. . 

Also situated on the worktable is a conventional wel! plate 34 into which beads are 

30 deposited by the needles. The well plate has an array 36, typically comprising ninety-six 
wells in an 8 ' 12 array. The spacing of the needles 22 may be such that they can enter 
every second well in each row of wells in the well plate. Therefore, to serve all eight wells 
in a row, the needles first deposit beads in the first, third, fifth and seventh wells. Then 
after returning to the rray 24 to pick up four additional beads, the needles are indexed, bv 

-4" 
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movement of carriage 14, so that they are in a position to deposit beads in the second, 
fourth, sixth and eighth wells. 

Also shown in FIG. 1 is a manifold 38» which is used to distribute a gas, such as 
nitrogen, from a supply line 40 to the compartments of tray 24 through conduits 42, 44, 46 
5 and 48. As shown in FIG. 2, each of compartments 26-32 has sloping sidewalls which 
diverge from one another, proceeding upwardly from a narrow bottom, so that the 
horizontal cross section increases continuously in the upward direction. Each of the 
conduits 42-48 extends along one of the sloping sidewalls of its compartment to a location 
immediately adjacent the bottom of the compartment, where it is able to release gas bubbles 
10 into the liquid in the compartment, as shown in FIGs. 2 and 3. The liquid 50 in each 
compartment is typically a solution consisting of 20% methanol and 80% water (by 
volume). Polystyrene beads, especially beads to which compounds are attached, have a 
density slightly greater than the density of this solution and would ordinarily sink to the 
bottom. However, the rising bubbles of gas induce a circulating flow of liquid, as depicted 
15 by the arrows in FIGs. 2 and 3. The circulating flow lifts beads from the bottom of each 
compartment, and keeps them in suspension. The tapered shape of each compartment 
ensures that there are no stagnant locations at which beads can collect. 

As shewn in FIG. 4, the end 52 of a needle 22 is inserted mtc the liquid 50 in 
compartment 26. A mechanical actuator 54, under microprocessor control, operates the 
20 plunger 56 of a syringe 58, the interior of which is connected to the pipette 16 through 

flexible tube 20 by way of a Y-connection 60. The other branch 62 of the Y-connection is 
connected through a valve 64 to an air supply 66. The valve is operated by a control 68 to 
connect the air supply to the needle. A pressure increase in branch 62 resulting from the 
clogging of the needle can be detected by a pressure sensor 70, which can provide a signal 
25 to notify the operator, or to take the needle out of service automatically. 

The withdrawal of the plunger 56 by actuator 54 draws liquid 50 into needle 22. 
The maxirrium amount of liquid is limited by the stroke of the plunger and the capacity of 
the syringe. For example the amount of liquid drawn into the needle can be limited to 200 
pL, As liquid flows into needle 22 one of the beads in the suspension, in the vicmity of the 
30 lip 52 of the needle, will ultimately be drawn against the opening at the tip of the needle. 
When the bead 54 closes the opening, as depicted in FIG. 5, further withdrawal of the 
plunger 56 of syringe 58 reduces the pressure of the air within the syringe, and line 60, and 
any air remaining within the pipette 16 or the needle 22. The resultant differential between 
the external pressure in the liquid at the tip of the needle (which is essentiaily atmospheric), 

-5- 
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and the internal pressure within the needle, holds the bead against the tip of the needle, so 
that it can be carried by the needle to one of the wells in well plate 34 (FIG. 1). The 
pressure decrease within the needle, which occurs when a bead is captured at the tip of the 
needle, is also delected by pressure sensor 70, which delivers a signal to control 68. 
5 Signals from pressure sensors associated with all of the needles are processed by control 
68, which operates the robotic manipulator 72 to move the needles from the tray 24 to the 
well plate 34 when beads have been captured by all of the needles that are in service. 

The apparatus depicted in FIGs. 1-5 draws liquid into needles, capturing beads at 
the tips of the needles. The captured beads are transported to a well plate and deposited 

10 individually in selected wells by reverse operation of the plungers of syringe 58 and its 
counterparts associated with the other needles. 

Occasionally more than one bead may adhere to a needle as it is withdrawn from 
the tray 24. When this occurs, typically one or more excess beads adhere to the bead 
captured at the tip of a needle. S ince the presence of beads containing different compounds 

15 in the same well is undesirable, it is imponant to ensure that only one bead is deposited in 
each well. Therefore, any excess beads can be shaken loose before the needles are moved 
to the vicinity of the well plate. To eliminate excess beads, the manipulator arm can be 
ntcppcd suddenly, or the needles can be brought into contact with a stop (not ihuwiT; lu jai 
the excess beads loose. 

20 An alternative method of eliminating excess beads is to wash the excess beads from 

the tip of the needles. This can be done by providing each needle with a coaxial sheath as 
shown in FIG. 6, where needle 74 is surrounded by a sheath 76, spaced from the ouier wall 
of the needle to provide an annular passage 78. After the sheathed needle is withdrawn 
from the suspension of beads, with a bead 80 captured at the tip of the needle, a controller 

25 causes a momentary flow of solvent outwardly through the annular passage 78 to wash off 
any excess beads that adhere to the captured bead. Alternatively, a flow of air or other gas 
through the sheath can be used to dislodge exceiss beads. 

The tray 24 shown in FIGs. 1 and 2 has separate compartments, one for each 
needle. The tapered shape of each compartment makes it possible for the beads to be 

30 maintained in suspension by the liquid flow, induced by rising gas bubbles. The use of 
separate compartments also allows multiple sub-libraries of beads to be arrayed 
simultaneously on a well plate. However, it is possible to use gas bubbles to maintain a 
suspension of a single bead library while capturing and arraying the beads using multiple 
needles. An arrangement for capturing beads on multiple needles from a single bead 
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library is shown in FIG. 7, in which a tray 82 has a single compartment 84. with a floor 
formed with multiple tapered recesses 86, each having a gas delivery tube 88 extending to a 
location adjacent to its bottom. The level of the liquid 90 in the tray is above the peaks 
defining the tapered recesses in the floor. Consequently, beads in any given recess can rise 

5 with the upward liquid flow induced by the rising bubbles, and fall into other recess. This 
tray can serve any number of bead-capturing needles. 

Instead of using rising bubbles to maintain beads in suspension, an alternative, 
which also avoids breaking up of the beads» is to float the beads on the interface between 
two immiscible liquids as depicted in FIG. 8. The interior compartment 92 of a tray 94 

10 contains a quantity of toluene 96 floating on a quantity of water 98. Beads 100, which have 
a density slightly less than that of water, but greater than that of toluene, float on the 
interface 102 between the two liquids, and can be captured individually by a needle 104 by 
drawing liquid into the tip 106 of the needle as it passes, either downwardly or upwardly, 
through the interface. 

15 As will be apparent from the foregoing description, this invention provides a very 

simple, reliable, inexpensive and easily used apparatus and process for selecting beads 

individually from a combinatorial library and depositing the selected beads into an array. 
Numerous modifications can be made to the apparatus and process described. For 

example, although the use of hollow needles to capture the beads is presently preferred, it is 
20 possible to capture beads at the openings of passages formed in other elements, such as 

tubes, which are movable into and out of a vessel containing a suspension of beads in 

liquid, and to wash away excess beads. 

The trays for containing the suspensions of beads can be modified in various ways. 

The gas delivery passages for producing bubbles can be built into the walls of the trays. 
25 and the walls of the compartments of the trays can be formed in various shapes. Thus, the 

compartments can be in the form of circular cones, or can be shaped so that only the lower 

parts are tapered, while the upper parts of their walls are vertical. 

.Although the use of rising bubbles or floating the beads on the interface between 

two immiscible liquids is preferred as a method of maintaining the beads in suspension, it is 
30 also possible to maintain the suspension by stirring the liquid slowly, by applying 

ultrasonic energy to the liquid, or by agitating the vessel in which the liquid is contained. 
The number of needles in the robotic manipulator can be modified. For example, 

in the case of an 8 ' 12 well plate, the number of needles carried by the robotic manipulator 

arm can be eight. Alternatively, provided that a suitable tray is used to contain the 
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suspension of beads, a still larger number of needles, e.g. 96, can be used, in order to array 

beads more rapidly. 

Instead of using syringes to control the capture and release of beads from the 
needles, the flow of fluid into and out of the needles can be achieved by suitable vacuum 
5 pumps in combination with vaived air supplies. Clogging of the needles can be detected by 
external fiow sensing instead of by sensing back pressure. Likewise, bead capture can be 
sensed by an optical detector instead of by pressure sensing. Finally, instead of jarring 
excess beads loose, or washing them av/ay by the flow of a fluid through sheaths 
surrounding the needles, they can be washed away by passing the needles through an 
10 auxiliary solvent bath. 

Still other modifications can be made to the apparatus and process described 
without departing from the scope of the invention as defined in the following claims. 
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What is claimed is: 



1 . A process for arraying beads which comprises: 

drawing liquid, from a vessel containing a mixture of beads suspended in a liquid, 
into an internal passage of a hollow movable element through an opening at 
an end of the internal passage, the opening being of a size smaller than any 
one of the beads and being shaped so that it can be substantially closed off 
by a bead; 

when a bead closes off the opening, maintaining a pressure differential such that 
the external pressure exerted on the bead closing off the opening is greater 
than the pressure within the passage, thereby holding the bead in 
engagement with the opening; 

while maintaining the pressure differential, withdrawing the movable element from 
the vessel with the bead held in engagement with the opening; and 

depositing the bead at a location remote from the vessel by releasing the bead from 
the opening. 

2. The process according to claim 1 in which the beads are spherical and the opening 
is circular. 

3. The process according to claim 1 in which, after the bead closes off the opening at 
the end of the internal passage of the hollow movable element, the hollow movable element 
is jarred to dislodge any beads adhering to it other than the bead closing off the opening. 

4. The process according to claim I in which, after the bead closes off the opening at 
the end of the internal passage of the hollow movable element, a fluid is caused to flow 
over at least a pait of the hollow movable element to dislodge any beads adhering to it other 
than the bead closing off the opening. 

■ 

5. The process according to claim i in which the hollow movable element is a needle. 

6. The process according to claim I in which the hollow movable element comprises a 
holiow needle expending along an axis and a sheath coaxial with and surrounding the 
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needle, and spaced therefrom to provide an annular passage surrounding the needle, in 
which the internal passage is a passage within the needle, and in which, after the bead 
closes off the opening at the end of the internal passage, a fluid is caused to flow through 
the annular passage to dislodge any beads adhering to the hollow movable element other 
than the bead closing off the opening. 

7. The process according to claim 1 in which the beads of the mixture are held in 
suspension in the liquid by introducing a flow of gas into the vessel to produce gas bubbles 
therein. 



8. The process according to claim 1 in which at least a portion of the interior of the 
vessel extending upwardly from the bottom thereof has a continuously increasing 
horizontal cross-section in the upward direction, and in which the beads of the mixture are 
held in suspension in the liquid by introducing a flow of gas into the liquid in the vessel at 
the bottom thereof to produce rising gas bubbles in the liquid. 

9. The process according to claim 1 in which the liquid in which the beads are 
suspended comprises two immiscible liquid components, one ccmporient floaung on the 
other, in which the density of the beads is higher than the density of the one component and 
lower than the density of the other component, whereby the beads are suspended at the 
interface of the two components, and in which the drawing of liquid is carried out as the 
opening at the end of the iniemai passage of the hollow movable element is moved through 
the interface. 

10. The process according to claim 1 in which the step of drawing liquid is preceded by 
the step of applying pressure to gas in the internal passage of the hollow movable element, 
and sensing flow of gas through said opening in response to the applied pressure, to detect 
clogging of the internal passage. 



A apparatus for arraying beads which comprises: 

a vessel for containing a mixture of beads suspended in a liquid; 

a hollow movable element having an internal passage and an opening at an end of 

the internal passage, the opening being circular in shape so that it can be 

substantially closed off by a spherical bead; 
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means for drawing liquid from the vessel into the internal passage of the hollow 

movable element through the opening, for maintaining a pressure 
differential such that the external pressure exerted on the bead closing off 
the opening is greater than the pressure within the passage, thereby holding 
the bead in engagement with the opening, and for depositing the bead at a 
location remote from the vessel by releasing the bead from the opening; 
and 

means for withdrawing the movable element from the vessel with the bead held in 
engagement with the opening and for moving the movable element to said 
remote location. 
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